Introduction
In this invited paper, we survey some of the results obtained in the computer algebra team of Lille, in the domain of systems biology. So far, we have mostly focused on models (systems of equations) arising from generalized chemical reaction systems. Eight years ago, our team was involved in a joint project, with physicists and biologists, on the modeling problem of the circadian clock of the green algae Ostreococcus tauri. This cooperation led us to different algorithms dedicated to the reduction problem of the deterministic models of chemical reaction systems. More recently, we have been working more tightly with another team of our lab, the BioComputing group, interested by the stochastic dynamics of chemical reaction systems. This cooperation led us to efficient algorithms for building the ODE systems which define the statistical moments associated to these dynamics. Most of these algorithms were implemented in the MAPLE computer algebra software. We have chosen to present them through the corresponding MAPLE packages.
Chemical reaction systems provide a general setting for modeling in biology. More generally, chemical kinetics may be viewed as a prototype of nonlinear science, as pointed out in [33, chapter 1].
The reaction A − −−− → B describes the transformation of a species A into a different species B. Species A is the reactant of the reaction. Species B is the product. One often endows a reaction with a symbol k, which parametrizes the speed of the transformation. The reaction is then denoted right to the left reaction may be described as follows: every molecule of C may break itself and yield two molecules: one of species A and one of species B. A chemical reaction system is a set of chemical reactions. Here are two examples. The first one is a classics of chemistry lectures: it is the simplest example of an enzymatic reaction. It describes the transformation of a substrate S into a product P , in the presence of some enzyme E. An intermediate complex ES is formed:
(1)
The second example, adapted from [27, Syst. (7.19) ], models a two-species oscillator:
In order to build systems of equations, i.e. mathematical models of chemical reaction systems, one needs more precise assumptions. There are at least two families of models: the deterministic and the stochastic ones.
Deterministic Modeling
There are different ways to associate a precise deterministic dynamics to a chemical reaction system. In this paper, we focus on the mass-action dynamics. The parameters of the reactions are called kinetic constants. To each species A, one associates a function A(t) which represents the concentration of the species. The evolution of each concentration is given by an ordinary differential equation, in which kinetic constants appear as parameters. The system of ordinary differential equations built using the mass-action law, from a chemical reaction system, is called the natural deterministic model of the system. It is given by the following formula:
where X is the column vector of the concentrations, N is the stoichiometry matrix, and V is the column vector of the laws. The law of a reaction is obtained by multiplying the kinetic constant by the product of the concentrations of the reactants. The stoichiometry matrix involves one row per species and one column per reaction. Its coefficient, row r and column c, is equal to the number of molecules of species r produced by the reaction c. This number is equal to the number of occurences of species r as a product, minus the number of occurences of species r as a reactant. On System (2), we have
